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Claim 

A semiconductor integrated circuit device characterized by the following facts: the area 
of one principal surface of a lead frame having plural electrode terminals is smaller than that of 
the other principal surface; the cross-sectional shape of the lead frame has at least one step; a 
semiconductor integrated circuit is mounted on the other principal surface; and, with at least said 
one principal surface having the electrode terminals exposed, molding is performed with a 
sealing resin so that the resin is nearly flush with said one principal surface. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a semiconductor integrated circuit device containing a 
packaged semiconductor integrated circuit. 

* 

Prior art 

An IC card that can be used as a portable information file has a semiconductor integrated 
circuit device with memory and microprocessor units embedded in a portion of the card. By 
means of the operation of a reader/writer, information can be written and read or erased. 
According to the ISO code, the maximum thickness of the card is 0.84 mm. Naturally, the 
semiconductor integrated circuit device must be even thinner and the thickness must be highly 
precise. 

The conventional substrate for the semiconductor integrated circuit device is usually a 
double-sided substrate using glass epoxy resin as the base material. However, glass epoxy 
substrates cannot sufficiently satisfy the demands on thickness precision required for 

* 

semiconductor integrated circuit devices for IC cards. 

Consequently, a semiconductor integrated circuit device for IC cards has been proposed 
using a lead frame instead of a glass epoxy substrate as a substrate with better thickness precision 
so as to improve the thickness precision for the overall thickness of the semiconductor integrated 
circuit device. The structure of this semiconductor integrated circuit device for IC cards can be 
explained with reference to Figure 4. 

For lead frame (8) having plural electrode terminals (1) and die pad (2), IC chip (3) is 
mounted on said die pad (2), the pad (not shown in the figure) of said IC chip (3) and said 
electrode terminals (1) are connected by wires (4). With at least one principal surface (5) of said 
electrode terminals (1) exposed, molding is performed with sealing resin (6) so that the resin is 
nearly flush with said one principal surface (5) using a transfer molding method. 
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However, said one principal surface (5) of said electrode terminals (1) is exposed to the 
outer side, and only one side containing the thin side surface of said electrode terminals (1) 
contacts said sealing resin (6). Usually, in order to improve the mold releasing property from 
molding dies in transfer molding methods, a mold releasing agent is added to said sealing resin 
(6). Naturally, adhesion between said electrode terminals (1) and said sealing resin (6) is not 
good. Methods for solving this problem include roughening the other principal surface (7) that 
contacts said sealing resin (6), and making the area of one principal surface (5) of said electrode 
terminals (1) smaller than the area of the other principal surface (7) (the edge has a tapered, 
truncated-trapezoid-shape), which improves adhesion. 

Problems to be solved by the invention 

Due to the limitation on the total thickness of the semiconductor integrated circuit device, 
the thickness of lead frame (8) used in the semiconductor integrated circuit device is usually 
0. 1 5 mm or less. However, in order to improve the adhesion between sealing resin (6) and the 
other principal surface (7) of lead frame (8), the cross section of lead frame (8) is processed into 
a tapered shape, and lead frame (8) is covered with a small amount of sealing resin (6). However, 
the thickness of lead frame (8) is as small as 0.15 mm, so even if the end surface of lead frame 
(8) is partially covered with sealing resin (6), only about 0.15 mm in thickness is deposited. Even 
when the end surface is tapered, the adhesive strength of lead frame (8) with respect to sealing 
resin (6) cannot be increased significantly. Also, as pointed out above, a mold releasing agent is 
contained in sealing resin (6). Consequently, the adhesion with lead frame (8) is poor. For 
example, due to thermal strain occurring during the bum-in phase, lead frame (8) may be 
separated. In addition, after the transfer molding, the reinforcing bar of lead frame (8) is cut by 
dies nearly flush with the end surface of sealing resin (6) to form individual semiconductor 
integrated circuit devices. However, when the reinforcing bar is cut by dies to form a cut surface, 
certain burrs are formed, and it is impossible to form a cut surface that is flush with the end 
surface of sealing resin (6), and the cut surface protrudes slightly. When a card is formed in this 
way, when it is carried or in use, certain foreign objects may become caught on the burrs formed 
on the cut surface or on the electrode terminals themselves. As a result, the electrode terminals 
may become separated or deformed, leading to total loss of function of the IC card. 

The purpose of the present invention is to solve the aforementioned problems of the 
conventional methods by providing a structure of the lead frame which can avoid separation, and 
thus failure, of the electrode terminals due to external forces, thermal strain, etc. 
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Means to solve the problems 

In order to solve the aforementioned problem, in the technical means of the present 
invention, the area of one principal surface of a lead frame is made smaller than the other 
principal surface; the cross section has a step-like ( £b ) shape, and molding is performed with a 
sealing resin so that the resin is nearly flush with said one principal surface; and, for the end 
surface of the lead frame, almost the entire edge is covered with the sealing resin over a 
prescribed distance and thickness. 

Operation 

In this constitution, since almost the entire edge of the electrode terminals is covered with 
a sealing resin, no external forces that could separate the electrode terminals can be applied, and 
no separation takes place in the electrode terminals due to thennal strain during the bum-in 
phase, etc. Consequently, highly reliable semiconductor integrated circuit devices can be 
obtained. 

Application example 

In the following, an application example of the present invention will be explained with 
reference to the figures. Figures 2a and b illustrate the structure of the lead frame used in the 
present invention. Figure 2a is a top view, and Figure 2b is a cross-sectional view taken across 
A-A\ The lead frame is composed of die pad (1 1) and plural electrode terminals (12). The area 
of one principal surface (13) exposed on the opposite side of said die pad (11) and said electrode 
terminals (12) is smaller than the other principal surface (14), and the £h -shaped step (15) is 
formed as the cross section of lead frame (20) at least in the region to be covered with a sealing 
resin. When the thickness of lead frame (20) is 0.15 mm, W of said step (15) is 0.5 mm, and D is 
0.1 mm. The cross-sectional shape of said step (15) may include plural steps instead of one step. 
For the aforementioned structure of the lead frame, die pad (1 1) is connected to at least one of 
plural electrode terminals (12). As an example for preparing this lead frame (20), first of all, 
straight punching is performed on a press unit. Then, another set of dies is set on the same press 
unit and presses just the end surface of lead frame (20) to form step (15) with the prescribed 
dimensions. In another method, etching is used to form this same step (15). The explanation 
above is for a lead frame (20) having a die pad (1 1) that can carry an IC chip. However, it is also 
possible to use a lead frame having only electrode terminals (12) but without a die pad (11). 

Figures 3a-c illustrate the manufacturing process of a semiconductor integrated circuit 
device using said step-profile lead frame (20). They are taken across A-A* of Figure 2. IC chip 
(16) is mounted on the other principal surface (14) of die pad (11), and the pad (not shown in the 
figure) of said IC chip (16) and the other principal surface (14) of said electrode terminals (12) 
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are connected by wires ( 1 7) (Figure 3a). Then, by means of a transfer molding method, where 
one principal surface (13) of said electrode terminals (12) and die pad (1 1) is exposed, molding 
is performed with sealing resin (18) so that the resin is nearly flush with said one principal 
surface (13) (Figure 3b). At this time, step (15) set on lead frame (20) is also covered with said 
sealing resin (18). In addition, dies are used to cut reinforcing bar (19) along the end surface of 
said sealing resin (18) to form individual semiconductor integrated circuit devices (Figure 3c). 
Figure 1 is an enlarged view of the electrode terminal portion of the aforementioned 
semiconductor integrated circuit device. According to Figure 1, one principal surface of 
electrode terminals (12) and sealing resin (18) are formed nearly flush with each other, and a 
portion of electrode terminals (12) embedded in sealing resin (18) is wider than the exposed one 
principal surface in this structure. In this way, step (15) formed on the end surface of electrode 
terminal (12) is completely covered by sealing resin (18), and reinforcing bar (19) exposed on 
the end surface of sealing resin (18) also has a step-like ( £i ) shape, so that it is very resistant to 
separation due to external forces. 

As explained above, wires (1 1) are used for connecting the pad of IC chip (16) to 
electrode terminals (12). However, the present invention is not limited to the wire bonding 
method. The flip-chip-bonding method using bumps may also be adopted. Also, at the same 
time, the other principal surface of lead frame (20) may be processed by etching, sandblasting, or 
the like to form a rough surface. In addition, when a lead frame (20) without a die pad (1 1) is 
used with IC chip (16) and set against electrode terminals (12), the die bonding resin for 
mounting IC chip (16) is naturally insulating. 

Effects of the invention 

For the semiconductor integrated circuit device in the present invention, one or several 
steps are formed on the end surface of the lead frame substrate, and a sealing resin is used for 
molding to cover the step. Consequently, the electrode terminals cannot be separated even by 
external forces, and the electrode terminals cannot be separated even by thermal strain during a 
burn-in phase or the like. That is, high reliability can be realized. 

Brief description of the figures 

Figure 1 is an enlarged oblique view of the electrode terminal portion in an application 
example of the semiconductor integrated circuit device of the present invention. Figures 2a and b 
are a top view and a cross-sectional view illustrating the structure of the lead frame used in the 
present invention, respectively. Figures 3a-c are cross-sectional views illustrating the 
manufacturing process of the semiconductor integrated circuit device in the present invention. 
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Figure 4 is a cross-sectional view illustrating the structure of the semiconductor integrated circuit 
device using a conventional lead frame. 
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